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(57) ABSTRACT

The invention concerns a method using a robot for an
automatic treatment of a weed, the method comprises steps
of capturing images of said weed with a camera on said
robot; determining with said images a distance between the
weed and a second vegetable orgamism; and selecting a
treatment tool of said robot for a treatment of the weed from
a group of treatment tools as function of said distance.
The invention further concerns a robotic vehicle for carrying
out the method for an automatic treatment of a weed.
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ROBOT VEHICLE AND METHOD USING A
ROBOT FOR AN AUTOMATIC TREATMENT
OF VEGETABLE ORGANISMS

RELATED APPLICATIONS

This application 1s a national phase of PCT/IB2016/
053983, tiled on Jul. 1, 2016 which claims priority to
Switzerland Patent Application No. 00939/15, filed on Jul. 2,
2015. The contents of the applications are hereby incorpo-
rated by reference.

FIELD OF THE INVENTION

The present invention concerns a method using a robot
vehicle for an automatic treatment of a vegetable organism,
in particular an elimination or killing of a weed.

The present invention further concerns a robotic vehicle
and an arrangement for an automatic treatment of a veg-
ctable organism.

DESCRIPTION OF RELATED ART

Nowadays, developed agriculture relies on heavy equip-
ment performing mechanized tasks in order to minimize
costs and maximize etliciency.

The problem of weeding 1s particularly significant. Cur-
rently, heavy tractors are commonly used to dispense her-
bicide on all the plants within a cultivated field, as this 1s a
tast method to kill weeds. The entire surface of the cultivated
field 1s thus sprayed, without distinction about whether there
are weeds to destroy or not. This dispensing method has
several drawbacks. First, 1t represents an economical loss, as
only a fraction of the herbicide 1s really used. Second, this
has adverse consequences on the environment and human
health because the toxic herbicides, spread in larger quan-
tities than needed, terminate on the ground or on the
cultivated plants. Finally, this technique requires selective
herbicides that destroy weeds while leaving cultivated plants
unharmed as well as to develop crops resistant to such
herbicides.

There 1s thus a need for a more eflicient and cost-eflective
automatic treatment of vegetable organism, 1n particular for
the treatment of cultivated plants and of weeds.

U.S. Pat. No. 550,711 discloses a selective spraying
system for controlling the growth of weeds that comprises
means for detecting weeds.

U.S. Pat. No. 5,606,821 discloses a weeds recognition
system that permits an application of selective herbicides.

U.S. Pat. No. 6,795,568 discloses a method and an
apparatus arranged to detect weed that are then severed by
an electromagnetic irradiating tool. The emitting position,
the mtensity and the direction of the electromagnetic irra-
diations are determinates on a case-by-case basis 1n order to
mimmize damage on cultivate plants.

US2015027040 discloses a method for a treatment of
cultivated plants comprising an automatic selection of the
treatment to be applied, depending on meteorological con-
ditions as well as on already planned treatments.

BRIEF SUMMARY OF THE INVENTION

An aim of the mvention 1s to provide a system and a
method providing an automatic treatment of a vegetable
organism that 1s more eflicient, more environmental-friendly
and/or more cost-eflective with respect to prior art.
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According to the mvention, these aims are achieved by
means of the method using a robot for an automatic treat-
ment of a vegetable organism of claim 1, the robot vehicle
of claim 13 and the arrangement of claim 18.

An advantage of the robot vehicle and of the method 1s to
provide a more eflicient and cost-eflective treatment by
selecting the most appropriate treatment tool for treating
cach vegetable organism without harming surrounding veg-
ctable organisms.

The method comprises the treatment of either the culti-
vated plant as first vegetable organism, or of a weed as first
vegetable organism. In both embodiments, the treatment 1s

selected on a plant-by-plant basis among a physical treat-
ment or chemical treatment.

In the case of treatment of a cultivated plant, the method
comprises a selection between a physical tool and a spraying
tool for treating the cultivated plant as first vegetable organ-
1S11.

In the case of weed treatment, the method comprises a
selection between a physical tool and an herbicide for
climinating the weed as first vegetable organism.

In one embodiment, a physical tool 1s selected when the
distance between a plant to treat and a second plant of a
different type 1s higher than a first threshold. It 1s thus
possible to avoid the risk of harming the second plant with
the physical tool.

The physical tool can be a mechanical cutting or uproot-
ing tool, an optical tool emitting electromagnetically radia-
tions, an electrical tool emitting electric discharge or a heat
radiant tool. The physical tool can also be a trimming tool.

In one embodiment, an herbicide 1s selected when the
distance between a plant to treat and a second plant of a
different type 1s lower than a first threshold, 1n particular a
selective herbicide.

A non-selective herbicide could be used when the distance
between a plant to treat and a second plant of a different type
1s higher than a second threshold.

The selection among the type of tools may also depend on
other parameters than just the distance between a plant to
treat and a second plant of a diflerent type.

The selection among the type of tools may also depend on
parameters measured by one or a plurality of physical
sensors on the robot, such as temperature, illumination,
moisture rate, time, date or humaidity sensor.

The selection among the type of tools may also depend on
parameters recerved from a remote system, such as weather
forecasts.

In a preferred embodiment, the physical tool 1s selected
instead of a chemical tool each time the mechanical tool 1s
expected to be eflicient and to leave other cultivated plants
unharmed. This would lead to a reduced use of chemicals.

The robot vehicle can perform an automatic treatment of
the culture. In the sense of the invention, an automatic
treatment 1s any treatment executed substantially without
human aid.

According to an independent aspect, the invention also
relates to a method for an automatic navigation of a robot
vehicle for a treatment ol a vegetable organism using a
rough estimate of the position of the vehicle with a satellite
navigational system, and a more precise estimate using
computer vision and detection of the displacement of fea-
tures of the image between successive frames.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will be better understood with the aid of the
description of an embodiment given by way of example and
illustrated by the figures, 1n which:
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FIG. 1 shows a view of a robot vehicle, according to the
invention;

FI1G. 2 1s a detailed view of an articulated arm of the robot
vehicle, according to the mvention;

FIG. 3 illustrates a flow diagram of a method for auto-
matically selecting a tool from a group of tools, according to
the 1nvention;

FIGS. 4 and 5 illustrate some examples of spatially
arrangements ol vegetable orgamisms within a cultivated
field;

FI1G. 6 1llustrates a series of acquired images permitting a
correction of a navigation path.

DETAILED DESCRIPTION OF POSSIBLE
EMBODIMENTS OF THE INVENTION

FIG. 1 shows an embodiment of a robot vehicle 5. The
robot vehicle can move on a surface 61 of a cultivated field
6 for applying a treatment.

The robot vehicle may comprise a structure with a hori-
zontal platform supporting photovoltaic cells 38, a battery as
clectrical power supply 59 loaded by the photovoltaic cell,
at least one driving motor 500 powered by the battery, and
a number of wheels driven 1n rotation by the motor or
motors. An articulated arm 52, for example a robotic arm or
a delta robotic arm, 1s mounted on the structure under the
plattorm. A camera 51 1s mounted on the structure for
capturing images of the ground 1n front of the robot, or under
the robot, 1n order to recognize plants to be treated from
other plants, and to navigate. The camera can be a combi-
nation of any 1maging apparatus working at diflerent wave-
lengths (visible, infrared), with or without spectral filters
(hyperspectral camera) and with or without 3D capability
(stereo vision, time of flight, etc.). The selection among the
type of tools may also depend on parameters measured by
one or a plurality of physical sensors on the robot, such as
temperature, moisture rate, illumination, time, date or
humidity sensor. One or a plurality of tanks are mounted
under the platform, for dispensing fluid treatment of spray-
ing nozzles, as will be seen. The robot vehicle 1s controlled
by a processing system on the platform. The processing
system may comprise a wireless mterface for communica-
tion with a remote control system, and a navigational system
55 providing rough estimates of the position of the robot
vehicle 5, for example a GPS, Galileo or Glonass satellite
positioning system.

The cultivated field 6 comprises a plurality of vegetables
organisms 1, 2, 3, notably first vegetable organisms 1 and
second vegetable organisms 2.

The first vegetable organisms can be for example a
cultivated plant, 1n particular, a sugar beet, a potato, a
sunflower, a sweetcorn (or maize), or a market gardener (or
truck farmer). In this case, the treatment applied to the first
vegetable could include for example dispensing a fertilizer,
cropping, or any mechanical or chemical treatment usetul to
the development of the cultivated plant.

Alternatively, the first vegetable organism can be a weed.
In this case, the treatment could include any physical (for
example mechanical) or chemical treatment for removing or
killing the weed.

Weeds are unwanted vegetable organisms, e.g. vegetable
organisms challenging the cultivated organisms or an uncul-
tivated vegetable organism and that need to be removed.

The invention 1s particularly adapted to plants cultivated
in aligned rows, although they can also be freely disposed on
a field area.
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The robot vehicle 5 comprises a tools supporting system
destined to support and drive a group 54 of treatment tools
53. The tools supporting system comprises an articulated
arm 52, e.g. a robotic arm or a delta robotic arm, for moving
the tools 33, or at least their operational extremities, to
successive operational positions 1n order to treat the first
vegetable organism 1.

In a preferred embodiment, the tools supporting system 1s
controlled by the processing means so as to maintain during
the treatment a fixed relative positioning of the selected tool
53, notably of the operational parts of the selected tool 53,
with respect to the first vegetable organism 1, even when the
robot vehicle 5 1s 1n relative movement with respect to the
first vegetable organism 1.

In an embodiment, the tools supporting system comprises
at least one second articulated arm (e.g. a robotic arm or a
delta robotic arm) destined for moving at least a treatment
tool 53, or at least his operational extremities, to successive

operational positions in order to treat the vegetable organism
1.

The tool or the tools supported by the second articulated
arm can differ from the tools 53 of the first articulated arm
52 so to increase the variety of available tools and to perform
complementary treatments. The tools supporting system 1s
arranged to move the first and the second arms within
parallel spatial areas in order to be able to treat the first
vegetable organism 1 with each of the treatment tools of the
first and second arm. For example, the first arm can be
located and arranged to operate 1n front of the robot vehicle,
while the second arm can be located and arranged to operate
in the rear of the robot vehicle.

The group of treatment tools supported by the second
articulated arms can be a replica of the group 54 of treatment
tools 53 of the first arm. The tools supporting system 1s
arranged to move the first and the additional arms within
parallel and displaced spatial areas 1n order to parallelize the
automatic treatment up, 1.¢. to treat substantially simultane-
ously a plurality of vegetable organism, permitting to speed
up a treatment of dense culture fields.

In an embodiment, the tools supporting system 1s

arranged to be removable, completely or at least partially,
from the robot vehicle 5 1n order to adapt the type of robot
or the type of treatment tools 33 to different needs or
treatments. A robot could be sold as a kit with a plurality of
different interchangeable tools supporting systems.

In an embodiment, the tools supporting system allows an
casy removal of each treatment tool 53 or of parts of each
treatment tool 33 without replacing the complete tool sup-
porting system.

The robot vehicle 5 comprises a camera 51 arranged to
acquire 1mages ol a portion of the surface 61 of the ground
6 in front of or under the robot vehicle 5. A computer vision
system 56 as part of the processing system processes the
successive 1images captured with the camera and determine
a distance 4 between each first vegetable organism 1 and the
nearest second vegetable organmism 2. The computer vision
system 56 can 1dentily the specie of the vegetable organism
on the surface and map their position in the field, permitting
an accurate treatment of the vegetable organism.

In a preferred embodiment, the second vegetable organ-
1sm 2 1s the closest vegetable organism within an image with
respect to the vegetable organism to be treated (1.e. first
vegetable organism 1).

The processing system of the robot vehicle S comprises a
selecting module for selecting one of the treatment tools 53
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as function of the distance 4 determined by the computer
vision system 56, and possibly as function of other param-
eters.

The group of tools mounted on the robot comprises at
least one physical tool and at least one chemical tool. The
physical tool can comprise for example a mechanical tool
for removing a weed. The chemical tool can comprise for
example a first spraying tool for applying a phytosanitary
product, a fertilizer or an herbicide to the first vegetable
organism 1.

The group of tools may comprise additional tools, such as
a second physical tool and/or a second spraying tool.

In an embodiment, the robot vehicle 1s arranged to pro-
vide a treatment to an unwanted first vegetable organism, 1.¢.
a weed. In this embodiment, the treatment comprises elimi-
nating the weed using either a physical tool or a spraying
tool. The physical tool can be a mechanical cutting or
uprooting tool, an optical tool emitting electromagnetically
radiations, an electrical tool emitting electric discharge or a
heat radiant tool. The spraying tool can apply a fluid product
suitable to kill the unwanted vegetable, e.g. a pesticide, an
herbicide, or a weed killer.

In another embodiment, the robot vehicle 1s arranged to
provide a treatment to a cultivated plant. In this embodi-
ment, the treatment comprises any treatment for helping the
growth of the plant or the desirable part of the plant. The
physical tool can be a mechanical tool for thinning or
pruning parts of the plant. The spraying tool can apply a
phytosanitary product or a fertilizer for example. The robot
vehicle can comprises additional spraying tools dispersing
different fluid products 1n order to enlarge the range of
treatment that the robot vehicle can execute (e.g. phytosani-
tary treatments, fertilizing, etc.) 1n one passage.

In the embodiment of FIG. 2, the robot vehicle comprises
a mechanical tool 531, a first and a second spraying tool 532,
533. FEach of the two spraying tools 1s connected to a
different tank in order to apply a distinct fluid product.
Advantageously, the articulated arm 52 1s a delta robotic
arm.

A distal extremity 521 of the articulated arm 52 of FIG.
2 supports the mechanical tool 5331. The mechanical part
comprises for example a motor (not shown) and a rod 5311
arranged to rotate about a rotational axis 5312 and having a
terminal portion 5313 equipped with a blade 5314, The
mechanical tool eliminate a weed by penetrating substan-
tially vertically into the surface 61 of the ground 6 in order
to cut the roots of the weed,

The robot vehicle 1s thus arranged to move the distal
extremity of the articulated arm 52 so that the horizontal
relative speed of the rod 5311 with respect to the ground 1s
substantially zero during the elimination of the first veg-
ctable organism 1.

In a preferred embodiment, the terminal portion 5313
comprises a umque, radially extending blade 5314 with
respect to said rotational axis 5312. Experiences of the
applicant show that a unique, radially extending blade 5314
prevents weeds from tangling around the tool, Advanta-
geously, the blade 1s arranged to extend over few centimeters
from the center of the rotational axis, 1n particular 1n a range
from 1 to 7 cm.

The distal extremity 521 of the articulated arm further
supports at least some operational parts of the first spraying
tool 532.

In the 1llustrated embodiment, a tank 5324 of product to
apply 1s mounted on the proximal extremity of the articu-
lated arm 52, for example under the solar panels of the robot
vehicle. The first spraying tool further comprises a spraying,
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nozzle 5321 and a spraying pump 5322 of the first spraying
tool 532 are both mounted on the distal extremity 521 of the
articulated arm 52. The proximity of the nozzle 5321 and the
pump 5322 permits a more accurate control of the disper-
sion, by reducing the perturbations due to the movements
and torsions of the tube 3323 connecting the tank 5324.

In another embodiment (not shown), the pump 1s mounted
on the proximal extremity of the articulated arm 52, thus
reducing the mass on this mobile extremity. This increases
the speed of displacement of the distal extremity of the
articulated arm. Another advantage 1s that the load aflecting
the mobile part 1s independent of the amount of fluid in the
tanks 5324, 5334. This permits not only a more accurate
driving of the robot vehicle, but also more accurate estima-
tions of the energy consumption and of the remaining robot
autonomy.

The distal extremity of the articulated arm 52 may further
support at least parts of the second spraying tool 533, such
as the spraying nozzle 5331 of the second spraying tool 533.
The spraying pump 3332 and the tank 5334 of the product
of the second spraying tool 533 may be mounted on a
proximal portion 522 of the articulated arm, 1.¢., on a portion
fixed relative to the infrastructure of the robot. The pump 1s
connected to the spraying nozzle 5331 by a tube 5333.

The fluid product applied by the second spraying tool 533
may be a non-specific herbicide acting on both the first and
on the second vegetable organisms (e.g. a broad ellect
product).

FIG. 3 1illustrates an embodiment of the method used by
the robot vehicle for treating the vegetable organisms, while
FIGS. 4 and 5 give some example of a spatially disposal of
vegetable organisms comprising cultivated plants 2, 31 and
weeds 1,32 within a cultivated field.

The method comprises steps of capturing images of the
ground with a camera 51 on the robot 5 (step S1); deter-
mining with those images the distance 4 between a first
vegetable organism 1 in the 1image and a second vegetable
organism 2 (step S2); and selecting a treatment tool 53 for
a treatment of the first vegetable organism 1 from a group 54
ol treatment tools as function of the distance 4 (Step S3).

The image captured with the camera 51 can be a combi-
nation of one or several 1images taken each at one or several
wavelength bands, such as RGB, mfira-red or hyperspectral
images. The image captured with the camera 51 can be
further a combination of 3D images (e.g. depth maps)
provided, for example, by a stereo camera or a time of tlight
camera.

The acquired 1images can be raw 1mages provided directly
by a camera sensor or an 1mage further processed by an
acquisition system.

The distance 4 may be measured between a portion of the
first vegetable organism 1 and a portion of the second
vegetable organism 2.

The step S2 of determining the distance 4 can comprise:

a step of determining a position of a portion of the first
vegetable organism 1 within the 1mages (step S21); and

a step ol determining a position of a portion of the second
vegetable organism 2 within the 1mages (step S22).

In one embodiment, the distance 4 1s a distance between
a portion of a foliage 11 of the first vegetable orgamism 1 and
a portion of a foliage 21 of the second vegetable organism
2. In a vaniant, the distance 4 1s an edge-to-edge distance
between the foliage 11 of the first vegetable organism 1 and
the foliage 21 of the second vegetable organism 2. In another
variant, the distance 4 1s a centre-to-centre distance between
a foliage 11 of the first vegetable organism 1 and a foliage
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21 of the second vegetable organism 2. The centre of the
foliage can be the centre of gravity of the image of the
foliage.

The step S2 of determining the distance 4 can comprise a
step of determining the closest vegetable organism of a
group ol vegetable organisms with respect to the {first
vegetable organism (Step S27). For example, 1t the first
vegetable 1s a weed, step S27 may imply a determination of
the closest cultivated plant 1n order to select the most
suitable weed elimination tool.

The step S2 of determining the distance 4 can thus
comprise a step of determining the variety of each vegetable
organism on the images, 1 particular determining the veg-
ctable organisms being a weed or, alternatively or comple-
mentarily, determining the vegetable organisms being a
cultivated plant. Alternatively, the robot may classity each
vegetable organisms within at least of two classes (Step
S28), e.g. a class of cultivated vegetable organisms 31 and
a class of weeds 32.

The classifier may be a software module. It may be based
on neural network for example.

During step S3, the processing system of the robot selects
the treatment tool 33 which 1s the most cost-eflective or/and
more eflicient for treating the first vegetable. In the case of
a weed, 1t selects a tool eflicient at removing this first
vegetable while leaving cultivated plants substantially
unharmed and untreated. The selection comprises a com-
parison of the distance with a predefined threshold 42 (Step
S31). The most cost-effective and/or environmental friendly
treatment tool 33 at disposal 1s selected each time the use of
this tool permits to leave the surrounding wanted vegetable
organisms unharmed.

In a preferred embodiment, the threshold 42 1s determined
as a function of an operational range of the treatment tool.

A first treatment tool 1s selected when the distance 1s
higher than the threshold 42. A second treatment tool 1s
selected when the distance 1s lower than the threshold 42
(Step S32).

A plurality of predefined thresholds may be predefined
and determine the selection between more than two treat-
ment tools.

The thresholds may be predetermined or depend on the

treatment tools which are mounted onto the robot. The
method may 1nclude a step of collecting operational ranges
of the tools, and modifying the threshold.

It 15 also possible to modily the operational range of a tool
depending on the distance between the first and second
vegetable organisms (step S36). For example, in the case of
a spraying tool, it 1s possible to vary the vertical distance
between the nozzle of the spraying tool and the vegetable
organism 1 to be treated, or to control the pressure or the
angle of the spraying cone.

In one embodiment, the camera 51 1s a 3D camera with
which the profile of the ground and the height of the plant
can be determined. This profile can be used for determining
the optimal height of the spraying tool above the ground and
the plant, and to control the depth of penetration of the
mechanical tool.

The selection of a suitable treatment tool may further
depend on physical parameters measured by sensors on the
robot and/or received from a remote computational device 9.

The sensors on the robot or connected to the remote
computational device 9 can measure environmental param-
cters capable such as, without limitation, temperature, mois-
ture rate, air humidity, sun i1llumination, ground structure,
ground humidity and air humadity.

10

15

20

25

30

35

40

45

50

55

60

65

8

The remote computational device 9 can receive and
transmit to the processing system of the robot parameters
from external information providers 92 such as local and/or
regional meteorological information, including wind speed,
temperature, atmospheric pressure and weather forecast.
Other providers 93 can provide local and/or regional agri-
culture advices and information, e.g. recommended doses of
products, recommendation on an application of treatment
products on some culture, temporary prohibition to apply
treatment products as well as Moon’s phases and ephemeris,
in particular sunrise and sunset times.

Those parameters can be transmitted to the processing
system ol the robot and used 1n the determination of the most
suitable treatment tool for each vegetable organism.

It 1s for example known that some phytosanitary products
are only eflicient within a limited temperature range. This
information may be used for preventing use of this product
if the temperature 1s not within the range, or 1f the weather
forecast indicates that the temperature will be outside the
range soon.

Use of a spraying tool may also be avoided during a rain,
il the humidity 1s not within a predetermined range, or
before a rain.

The amount of product sprayed may also be adapted to the
environmental parameters and/or to the size of each first
vegetable organism to treat. For example, a higher amount
of products may be used for treating a large vegetable
organism, and/or an organism far from organisms of a
different type, and/or for compensating the evaporation if the
temperature 1s high, or will be high.

A selection between different products to be sprayed may
depend on the type of vegetables recognized, on the above
mentioned distance, and on environmental parameters.

The remote computational device 9 may communicate
with the robot vehicle 5 via a bidirectional wireless link 1n
order to provide those parameters to the robot vehicle, and
to receive from the robot vehicle operational information
relative to the treatment executed by the robot vehicle. The
operational parameters may include for example a status of
the robot or robot equipment, robot vehicle position, already
executed and/or planned operations, tools status, tank prod-
uct levels, quantities of products applied, energy level of the
power supply, energy production of the solar panel, esti-
mated reduction of dispersion of chemical products. The
remote computational device 9 can further request the robot
vehicle 5 to provide information through the wireless link
about the culture and the vegetable organisms within the
cultivated area, including for example and without limitation
number and/or position of weeds, number and/or positioning
of cultivated organisms, vegetable organisms growth, num-
ber and positioning of obstacles detected within the acquired
images, information on unsuccessiully removed weeds, etc.
The mformation can comprises 1mages ol culture portions
that are acquired by the camera 51 and eventually processed
by the computer vision system 56.

The remote computational device 9 can also be used for
remotely controlling the robot vehicle 5.

The selection of a suitable treatment tool may further
depend on the relative positioning of the robot vehicle with
respect to the first vegetable organism 1 and/or on the speed
ol the robot vehicle.

The selection of a suitable treatment tool may further
depend on the estimated number of vegetable organisms to
be treated in a predefined time period. In case of an
important number of vegetable orgamisms to be processed
that could temporarily slow down the treatments of dense
culture fields, various scenarios for temporarily maintaining
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or speeding up the treatment speed/rate of the robot vehicle
could be thus conceivable, e.g.:
when the distance between a weed and the nearest culti-
vated plant 1s higher than the minimal threshold for
using the physical tool and the mimimal threshold for
using a non-selective herbicide, the spraying tool
applying the non-selective herbicide can be selected
and used 1nstead of the mechanical tool;
when the distance between a weed and the nearest culti-
vated plant 1s higher than the minimal threshold for
using the physical tool and less than the minimal
threshold for using a non-selective herbicide, the spray-
ing tool applying the selective herbicide can be selected
and used instead of the mechanical tool.
In case the size of the weed requires more distinct physical
treatments applied by the physical tool, either the spraying
tool applying the selective herbicide or the spraying tool
applying the non-selective herbicide can be selected (de-
pending on the distance between the weed and the nearest
cultivated plant) for temporarily maintaining or speeding up
the treatment speed/rate of the robot vehicle.

The selection of a suitable treatment tool may further
depend on the available electrical energy of the robot
vehicle. For example, when the residual electrical power of
the robot goes down to a predefined threshold, the less
power consuming tool between a sub-group of suitable tools
can be selected to eliminate or kill the weed, e.g.:

when the distance between the weed and the nearest

cultivated plant 1s higher than both the minimal thresh-
olds for using the physical tool and for using a non-
selective herbicide, the less electrical power consuming
tool between the physical tool and the spraying tool
applying the non-selective herbicide can be selected
and used for eliminating or killing the weed;

when the distance between the weed and the nearest

cultivated plant 1s higher than the minimal threshold for
using the physical tool but less than the minimal
threshold for using a non-selective threshold, the less
clectrical power consuming tool between the physical
tool and the spraying tool applying the selective her-
bicide can be selected and used for eliminating or
killing the first vegetable organism.

Advantageously, the robot vehicle 1s arranged to compute
the shortest distance between the vegetable organisms to be
treated 1n order to maximize the number of operations of the
articulated arm within a period of time. The displacement
speed of the robot vehicle can be adapted in order to
optimize the performing of the treatments. For instance,
when the number of vegetation plants to be processed 1s
high, the robot may slow down 1n order to give more time
to the articulated arms to perform the individual operations.
The displacement speed of the robot vehicle can be adapted
in order to reduce the electrical consumption of the robot
vehicle, e.g. 1n case of unfavourable illumination conditions.
Moreover, 1n case of a high density of vegetable organisms
to treat or in case ol low available energy, a treatment tool
allowing a faster treatment and/or permitting to reduce
clectrical consumptions can be selected. In case of a diflicult
to eflicacy reach a vegetable organism by a treatment tool (in
particular by the physical or mechanical tool), a treatment
tool permitting to ethiciently reach the vegetable organism
can be selected.

FIG. 6 schematically 1llustrates a navigation method of a
robot vehicle for a treatment of a vegetable orgamism. This
method as described hereafter can be used with the robot
vehicle and method as previously described, or with a
different robot vehicle or method.
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The navigation along a desired navigation path 7 1s based
on successive determinations of the positions of the vehicle.

Retference 71 illustrates a first position 71 of the vehicle,
reference 72 a successive second position 73 and reference
73 a successive third position 73 on the surface of the
ground.

Rough estimates of the position of the vehicle are deter-
mined with a satellite navigational system, such as a GPS,
Glonass or Galileo system. This satellite based navigational
system 1s used for an absolute positioming of the robot, and
for controlling its desired trajectory as defined 1n advance by
the operator of the robot for example. In one embodiment,
the operator defines with the remote computational device 9
the size, shape and position of the cultivated field, as well as
the distance between rows, and the processing system of the
robot vehicle determines 1n advance the approximate opti-
mal trajectory.

A finer determination of the displacements of the robot
vehicle 1s then computed by the processing system, using the
computer vision to analyze the series of frames 511, 512,
513 captured by the camera 51 or by an additional, dedicated
camera. This computer vision system compares the position
of reference features 8 1n successive 1mages captured at
successive time intervals T, T, ,, T, ., 1n order to determine
the displacement 711, 721, 731 of the robot vehicle between
those frames. Various features can be tracked in successive
images 511, 512, 513, for example vegetables organisms,
edges of leaves, straws as well as inorganic orgamism and
so1l features as ground cracks, stones etc.

Additionally, an 1nertial system, such as an accelerometer
or a gyroscope, can be used for detecting the displacements
of the robot vehicle and correcting the position determined
by the satellite position system and by the computer vision
system.

This finer estimation of the displacements of the robot
vehicle can be used to correct or precise the position
determined by the satellite positioning system. It can also be
used for aligning the displacements of the robot vehicle with
rows ol cultivated plants, for example 1n order to define a
trajectory 71 of the robot vehicle which 1s centered above the
rows and minimize the displacements of the treatment tools.

The 1mages captured by the camera 51 can comprise a
portion of the ground 1n front of the robot vehicle. Vegetable
organisms in this portion are only accessible by the robot on
the vehicle at a later stage, after a displacement of the robot
vehicle toward this portion. The direction and amplitude of
this displacement 1s determined by the computer vision
system and, optionally, by the 1nertial sensor.

NUMBERED ITEMS

1 First vegetable organism

11 A foliage of the first vegetable organism

12 A root of the first vegetable organism

13 A trunk of the first vegetable organism

2 Second vegetable organism

21 A foliage of the second vegetable organism
22 a root of the second vegetable organism

23 A trunk of the second vegetable organism
3 Vegetable organism

31 Cultivated plant

32 Weed

4 Distance between the first and second vegetable organisms

41 Operational area around the first vegetable organisms
42 Threshold
5 Robot vehicle

51 Camera
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5311-3 Images

52 Articulated arm

521 Distal extremity

522 Proximal extremity

53 Treatment tool

531 Physical treatment tool

5311 Rod

5312 Rotational axis

5313 Terminal portion

5314 Blade

532 first spraying treatment tool

5321 Nozzle

53322 Pump

5323 Tube

533 second spraying treatment tool

5331 Nozzle

53332 Pump

5333 Tube

54 Group of treatment tools

55 Global navigation satellite system

56 Computer vision system

57 Wireless communication unit

58 Solar panel

59 Electrical power supply

500 Driving motor

6 Ground

61 Surtface of the ground

7 Defined Navigation path

71 Real Navigation path between time T, and T,_,
711 Position of the robot at time T,
72 Real Navigation path between time T, , and T, _,
721 Position of the robot at time T,_,
73 Real Navigation path between time T, , and T,_,
731 Position of the robot at time T,_

74 Start position

75 Destination position

8 Visual feature

31 Stone

82 Ground crack
383 Straws

9 Remote computational device
91 Sensor

92 Weather station

T, Time terval T,

T. , Time interval T

I+1

T, , Time interval T,_,

S1 Step of capturing at least an 1image of the first vegetable
organisim

S2 Step of determining a distance between the first vegetable
organism and a second vegetable organism

S3 Step of selecting a treatment tool

S21 Step of determining the position of a portion of the first
vegetable organism

S22 Step of determining the position of a portion of the
second vegetable organism

S27 Step of determine the closest vegetable organism of a
group ol vegetable orgamisms with respect to the first
vegetable organism

S28 Step of determine a variety of the first vegetable
organism

S29 Step of determine a variety of the vegetable organisms
near the first vegetable organism

S31 Step of selection of a first predefined treatment tool or
a selection of a tool comprised 1n a first subgroup of tools

S32 Step of selection of a second predefined treatment tool
or a selection of a tool comprised 1n a second subgroup of

tools

I+ 1
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S33 Step of collecting indications of operational ranges of
the treatment tools

S34 Step of determining a subgroup of treatment tools of the
group 54 of treatment tools;

S35 Step of selecting a treatment tool from the subgroup of
treatment tools

S36 Step of determining a relative positioning of the
selected treatment tool with respect to the first vegetal
organism

The mvention claimed 1s:

1. A method using a robot for an automatic treatment of
weeds, the method comprises steps of:

capturing 1mages ol a weed with a camera on said robot;

determiming with said images a distance between said
weed and a cultivated plant through direct measure-
ment; and

selecting a treatment tool from a group of treatment tools
of said robot for a treatment of the weed as a function
of said distance, wherein the group of treatment tools
comprises a physical tool and a spraying tool

wherein the group of treatment tools comprises a sub-
group comprising physical tools and a sub-group com-
prising spraying tools, and wherein a least electric
power consuming tool 1s selected 1n either sub-groups.

2. The method of the claim 1, wherein said distance being,
the distance between said weed and a cultivated plant which
1s the closest to said weed among a group of cultivated
plants.

3. The method of claim 1, wherein said step of selecting
comprises selecting said spraying tool for applying a selec-
tive herbicide when said distance 1s shorter than a threshold.

4. The method of claim 1, wherein said step of selecting
comprises selecting said physical tool when said distance 1s
longer than a threshold.

5. The method of claim 1, wherein the group of treatment
tools further comprises a second spraying tool suitable for
applying a non-selective herbicide, wherein said step of
selecting comprises selecting the second spraying tool and/
or the physical tool when said distance 1s longer that a
threshold.

6. The method of claim 1, wherein the physical tool 1s a
mechanical cutting or uprooting tool, an optical tool emit-
ting electromagnetically radiations, an electrical tool emit-
ting electric discharge or a heat radiant tool.

7. The method of claim 6, wherein said mechanical tool
comprises a rod arranged to rotate about 1ts longitudinal axis
and having a terminal portion arranged to penetrate a surface
of a ground and wherein a single longitudinal straight blade
1s connected to the rod and extends substantially orthogo-
nally outward from the rod.

8. The method of claim 1, wherein the step of selecting the
treatment tool from the group of treatment tools of said robot
further depends on the estimated number of weeds to be
treated 1n a predefined time period.

9. The method of claim 1, wherein the robot 1s electrically
powered, and wherein the step of selecting the treatment tool
from the group of treatment tools of said robot further
depends on the available electrical energy of the robot
vehicle.

10. A robotic vehicle for carrying out the method of the
claim 1, comprising:

an 1mage acquisition device for capturing images;

a computer vision system arranged for determining from
said 1mages a distance between a weed and a cultivated
plant through direct measurement;

a selecting system arranged for selecting a treatment tool
from a group of treatment tools for a treatment of the
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weed as a function of said distance, wherein the group
of treatment tools comprise a physical tool and a
spraying tool; and

a tool supporting system arranged to support the treatment

tools and arranged to move at least operational extremi-
ties of said treatment tools with respect to the robot
vehicle.

11. The robotic vehicle of claim 10, wherein said tools
supporting system comprises at least one articulated arm
supporting at least some of said treatment tools.

12. The robotic vehicle of claim 10, wherein said tools
comprises a first spraying tool for applying a selective
herbicide, and a second spraying tool for applying a non-
selective herbicide.

13. The robotic vehicle of claim 12, wherein said tools
comprises at least one spraying tool, said spraying tool
comprising a pump and a nozzle supported on a distal
extremity of an articulated arm.

14. An arrangement for an automatic treatment of a weed,
comprising a remote computational device and the robot
vehicle of claim 10; wherein said robot vehicle 1s further
arranged to send data to said remote computational device
through a wireless link, wherein said data comprises a
reporting message and/or an acquired image.

15. The method of claim 1, wherein the least electric
power consuming tool between the physical tool and the
spaying tool applying a non-selective herbicide may be
selected and used for eliminating or killing the weed when
the distance between the weed and the nearest cultivated
plant 1s higher than both the minimal thresholds for using the
physical tool and for using the spraying tool.

16. The method of claim 1, wherein the least electrical
power consuming tool between the physical tool and the
spraying tool applying a selective herbicide can be selected
and used for eliminating or killing the first vegetable organ-
ism when the distance between the weed and the nearest
cultivated plant 1s higher than the minimal threshold for
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using the physical tool but less than the minimal threshold
for using a non-selective herbicide.

17. The robotic vehicle of claam 11, wherein a distal
extremity of said at least one articulated arm supports a
mechanical tool comprising a rod equipped with a blade to
climinate a weed, the robotic vehicle being arranged to move
the distal extremity of the articulated arm so that the
horizontal relative speed of the rod with respect to the
ground 1s substantially zero during the elimination of the
weed.

18. The robotic vehicle of claim 11, wherein said at least
one articulated arm comprises a rotatable physical tool.

19. The robotic vehicle of claim 11, comprising a plat-
form, a camera mounted at a forward position on the
plattorm and said at least one articulated arm mounted
rearward of the camera.

20. A method using a robot for an automatic treatment of
weeds, the method comprises steps of:

capturing images of a weed with a camera on said robot;

determining with said images a distance between said

weed and a cultivated plant through direct measure-
ment; and
selecting a treatment tool from a group of treatment tools
of said robot for a treatment of the weed as a function
of said distance, wherein the group of treatment tools
comprises a physical tool and a spraying tool

wherein the physical tool 1s a mechanical cutting or
uprooting tool, an optical tool emitting electromagneti-
cally radiations, an electrical tool emitting electric
discharge or a heat radiant tool, and

wherein said mechanical tool comprises a rod arranged to

rotate about its longitudinal axis and having a terminal
portion arranged to penetrate a surface of a ground and
wherein a single longitudinal straight blade 1s con-
nected to the rod and extends substantially orthogonally
outward from the rod.
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